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(57) Abstract: 



PURPOSE: A method for correcting lens distortion 
and producing orthoimage and a digital camera by 
using the same are provided to produce the 
orthoimage from the planar pattern photographed by 
the digital camera taking an arbitrary rotational angle 
after processing the lens distortion correction by 
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CONSTITUTION: A camera parameter previously 
obtained through a camera calibration(901 ) is stored 

to the inside of a digital camera(910). An image(911) obtained by a user(902) is passed through a lens 
distortion correction module(912). An image in which a radial lens distortion is corrected is transmitted to 
an orthoimage generation module(913). An image which is composed again in the orthoimage generation 
module(913) is inputted to a pattern recognition module(914). Information extraction and pattern 
recognition processes are performed by the pattern recognition module(914) and then transmitted to a 
display(903) and a user(902) through a communication module(915). 
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S 3£ & ggOil COS ?HHI^ SEI^aiOldAI 0101 XI bHffl^J 2r£?fli £A| 
IJgOfl ?HHEI-BEI£aaifiA| ArgXr 2^3 «A1GI K S 
E 53 5?KHIEr 3!* 2IR01I OW Sir 01AIE, 

£ 7r B VSOI [05 §A r g# £SS^ fc'AIW, 

£8^a gjgOfl njg ?HH'BI- XrAil §Mg « W7I £lth 2IA1 HHxl 

Nl SSI £3, 

* ?fi¥S01l QKJ ^S°1 gg * 

91Q;PXI1 ?HHIO911;0l0IX| 3*1 
912;SE8I^ a§21913;SAhS^ 83 SI 

9i4;ii@e!*jswi5:«jH» 

£f 32/ S3 
2?32f ^ 

2t30f ^Sftr & J S&2J 3&J& 

B i* h g£ PXIi ?KHeW 'OB© 'SS»a7IMI cm. 4BWW£ CIAIS 7HMSW oig 

o r 01 §3 SEH2I. nS:(Rt.anftr pattern)! g2J2J ?KHIBr XWlOilAi gg^rH OI^VEI ■SAJgg' 
(Orthoimage)g ^^5^ 71'AOI a** 2QIO. 

^, B STSS PAIS ?H»aS 0!S*KM «9 SEH2J .fflB(OIBa., Stt. SS!- SAL '«L SAISU 

^sj gg£, SMS, -a » aim §)g trasKn, ^wai saw ch^ ?hh 

Elfil ^CH32i XfAil XfOW TW&tm iSS,3§i M3*K)I £3°] £3 e$E1{surface normal 
vector)^ ?HHEF2| A|£ St> p (LOS: Line Of Sight )0I S4I0I ^EHOilAi §rgS g#lr 7F 
Xjam 20IO. 

7|£2j PXI^ 01019 7ISS CCD9AI8 OIM«* 5Ah § HSS°J § 

#01 i'H^ ^OKHI SSH32DL 8ie!S!*0l ../WWIOffe UiS2f *1&,7|#0| CH^ SS X|^2| ««| 
§SJ OlSS-sjWFXI S^SP. CCD ^Ai MQ\ 2*Jl r 7l#2r DSP, 0K3IHS 2ES 

a-dai, Maa ^ ?2 5i52j us xi^q, ^tK ^Ajwi *jsoi 7i$ortt7H2i sas 

^^L CMOS g§ ?\&°] OIDIXI 3A12J o|^£2| Ol^OISOfl CLEF Ji?& Q 

XII PKHIBrS ^SSfe 20| 7rS*iS£DI, CMOS OlOIXj *«A1 J3°^J ^«Oil 2JtH *AH^ 
§CHS 2£S fiS!-Q. Oiatf SS2| PDA, ^CHS, EHMS PC, ^0^5 § :*[|jf §a E*ffl2| 

MSXt #£1 SJCH, SSd"-»ffl92| 2T#3F KSBI LHSS PAIS ?KHia°J UEHJH Sl^OI, 9 

^1 OlPAfU mV= g^M #goffi S§OilA| 7hS *S §M S SSfe &4rS°J 2£ 3! XlgOl 
7r^8X|7|| EISQr. 

©E, 53 ^» ^ElOil CHol ?KH]EF£| Aid U^OI gSOl El XI 3fe g° g^£g 35 s 

HKperspectlve effect)^ WSSffl EIDI, £J5 H2HHI £J5H S3 Oil 3^ Hi@2| 7|u^ g^OI 

SQ. fiV7l-.-VWtt. 9901 Sg^(original image)^ Afg ^projective transfor 

nXHI 2Jfl aa§OI 7teSIOt,.0| 01 ■ «(SW * Pl«|ftW SBS (geometric lnvarlance)S cross 
ratio, concurrency, col I inearity §EOID. 

?KHI g3ZH2| XM ^HDI^r ^2 OflKr2i(af f ire) ^^25 ail 301 7fe5M, Q| 

U ^SS" 4 33 7|§l*^ SSSS Atg g°I 5ti§raA1 gtSS(parallelism), 

OUAi^j 10ld|(ratio of lengths on collinear or parallel lines) ffi «|E1 S^SJ ij§ ^(linear 
combinations of vectors)2J §£ S ^CHLW £101, S32J 53 ffi|E1fif PHHIEF2J A|<5 

01 StSSi" 29 similarity ^^o^ aig£|0) 7|S|*^ S^S^ af f ine ^^A|2J 2g ^tftfO) §01 
SI 33HI M^^(invariance of ratio of lengths and areas)£SDR| WHSQ. 

Olfil- ^01 SAfg^g OlSofe 29, g^ SM *#°J 29011 &EAJ 71*1*1 £l~ SIS OHg EK^OIA) 
3£ 71-^ 7l^r^ 51' (geometric property)0| MOtt=T0f| U}E[ 0H9 VOrXITll EICM, 3 1 

H r SEtt- d'SlSOl ^OFXITII Si 2# 7ICH1T ^ SiCK 
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S3(H 01 m Jiff oftr 31 JtM 

s mao, a^o gj m g-s EQ.gm §^A|?|7| *|5lCH S2|2| £122* *lof= CIXJS 7HHIEI- 

£ §2S U9t 13 9121 IS2i?H £2 28^ Sg 3781 71*! * 7129 S3 Oil CHtt 2 

[Hg°' ?HHIEf aS2| SSI OlgoKM gA r 22e £?gol^ 20IQ. 

S|. a g2§ SIO0A1 axil 01019 7I#2| 27H2f QgCH AlgTPl 2J2|2| Si. S2|2| 

#2 2EH0BA1 2225^1 gfig *§Sf3, 23, 35, fl§«PI Sl# 22 *JE| S S5E1 

HIS 71 £1 Q^3 2JECH, £J22(original in«ge)»S¥E1 gAf22(orthoi»age)# 4Sg*>££ 

271 ^SJl I?S3 r 7l *I*B S ^S2I PXI1 7HHIEfe, A>8»2J 5^(H HJEf OIOIAIM SSJol^ OlDtTQ 
*!!A1; 25*l=t 0101 AIM 310BE1 HEIMcflOI2M W*B DIEI 73SS ulEHJilEla OlgSrOI »Af2 31228^1 
fig5& 9)228^ SLg4=E>; 271 2)228^ S2g4=2f2| S^l S^g/Of gA>22s ggofe SAI22 
£324=2^ 271 gA>22 £534^21 gqg EjqgfOf gSi **SMU IHS# 2!±iof~ fiH0°i342N 

s 271 nee!^E?ei s^s 21^21 w2spi *i«> #2431 as s§£s tin. 

c£*f a g«£, pjig ? HH|ef°| ?«2 2H^ fig2r gAf22 = . 7HHIEI- EfEWilEh #gM 

^khei- aa^zfloid bti; 271 ?HniEh 3 jEi«aioid ettuohai ^82 s?2 ai^ s4=2h oioixi aiEi. 

2?|||J a! El (scale factor) ga^EI t!2 28 £251= Sfl|; S! 271 Si 2H^ M2S 22011 CH 
oB 271 ?WflEr 3EIMB80I2 E+7U0flAd q?*B2L« £g 7)EI2> *r3 *!§01IAl 7«<M-& 7KH1E1 SI22J- §Sg 

oigsioi ?nMEi2h 12^21 20132.' mi m\m age 101 gAf22# ekxii 

B IT22| 01*8 § £1785171 SlofOl 2*832} 2fg# 7H£fg££ 218221. 2212J ?10BE1 WAflS^EI S! 
,W 22££#EI §ArS2S «g5 r 7| ?|58A1= P§2J A8 7W S»S 74*171 &Q. ^. 7HHEF HrEf 
OBEI ?HMEr 3EI«EB0ld B7S2>, 7HHEr SEIMfllOld &71|0flA1 531^ 

OIOIXI i«E1, ±3BS 5? El (scale factor) SfiS^Ei 2H^§ S2Sr^ OIDIAI ?4S HEI2 S« 

2 2B^ S2S 22CHI CHsI 7KHIEf S£|«fllOI£ 37808 Af ^tB2 7fE|2 r *?20«A| 711 Afa ?(. 
MEI- sraztSSB OlgSrO) ?HME12f SSZej 201^2! WH *K)I1 fig§^ BJHOICf. 

Oil s Ei 78?!°S ^fflSS. B W3= ^EI«EH10ld flHS^S Afgtl^ 3xhS §3201 ^012 4 

4=g HH^S 01^0)2 S! (circle) fflgog^Ei iS *#(feature extract ion)B*l^ 7f*l 
012s £t!<5Kr J3II B71I2K 2 1 ?! «ll <EmWM 71123 S«i 2H^ S^Ofl 71^01 OlDlTvl ?ll§ gg 
SiOll SiCH ^Alif ^# 91^ SIS SZK interpolation^ MZ &71, ZIEIU X1§2S 710flEr 5l22, f 
gfil # OI£¥Ei &-7U0BA) ^SB2 2B^ fi§3 S2£S^E1 gA122s ^SSSfe 1113 B7B 
S 0I^O12D. 

?HHIEf aE|ka012= 3^S! S320J ^012 7fSmg §M7f DIEI ^E42 aEI«aOI2 IBS 21 
5rS2521 ?H«EF S20BAI IIS2J Sjg 9ZBZ!S| 5r»S^El ?HHIEf EfEHHIEU Tflitffc 2}g 

b 2|D|eeQ).. [Q-^Al, 7HH1EF ^EISe80l2= 702 21-gOO A>g=l SEI^EB0I2 SBi!2| SEH2I- ^ SSTfl 
32| £h7fli! 4g S-Tfliilg SESPI DIE) ggg ?HHE1 5221 SEH gOfl [Cl£f Ql;°«y 

?hh'Et ttEi«efloi2 'awa ggtioa 2!oi> Bgs m=Ai oiEi eaTa si^ ssi«aoi2g ib@§ A r 

gS171U DjEI Igi! 7KHE1 S22| «EH1 gg5B0E!W= 20IEr. SB!" AlgA17KCIA-|l ?HHEH 
OlgSKfl S2|°| SiOBAl gAh22s 2HA|ShS 2^0)1 Oia*t aEIM2flOI2 IBS X£ 2gS 7HH1E1 
221 ggoPfe DH° SSffl" SOIQ. £E*f 71" ig § gixg Al-gSfe g°, ig 71 El 

2f 0101 XI fliEl^ 32 5?0B 2|SB SSr?ll ElOf 3 HBDfEh fflElsaiOl 2 it ^tSSBOt S l'fi71 4g 717(1 
SE1. 

ME, 71S 37fl «s g 9| xl (H| qj^ 71 El 0I0IAI iSEle ? JEIS!cllOI2# %M DIEI 7112 
5H!. EIAI1 ?m&S\ LH " bl?l &S(non-volat i le) DliaEI ?g a« FjOIM(LUT: Look Up Table)(HI 73 
§5101 AlgXHJB 2|Sfl S!2 9I*J SSF71 UB01E1 ElEHHEf 2tS aCH2E§ ofe £^!g 

gg^ 4 »D. 

OlEltf 111215121 c ^21 7KHIE1 EeifME^ £r e?2| KEISM0I2 &-7BS goH ^?5fl73«, H 

gS 2tl 711^ £X|or= 4= 2i£Ll 71ME1 5|2^ gfiS OH #SA|DfCh tdffl^ 2<£S 

^"2rtB0t SI-HS ^EI«cfJOI2 IB9M S^SiOl S2|2J HBS# OlgSfe 2?(HJ£ 32^ g^M ^ 4= 
S!010>*iEr. 

&m, 9ma iriEHHiEh7i cHsi*f ^mm mn ^tman sraEE *!§obai ^ai^ss 31221 n^m 

eg517| $|S1 01017] ?IS e?H71 gSSlCl. 01 2+711^ ?S2 28^011 21 oB 32 ^S2| 7|51*|g ««0I 
miSt! 2§ agoKH g^ IBS OHS *S §212J 2§IE1 tf2Al?|71 *|5B Ifi5f71| sd. 

SSI, 73712J ?KUEloi 3? g«2 2B^ 23171- 37fl LfEHJOl, 01 01 XI *SAi X>ffl2| oB2E7r §71512 V 
$m 0I0IAI $131 l*f 2fl^ fig BWfAISI 7112U0I §7(5 r E£ S#g°' 0IOIAI ?IS 71A1 
=■ 201 Uf^3!SH-r. 

0121 S ^g2| THyi B ^Sl Efgll ^01 3711 4E+7IS ^?M5f01 ^gS17IS *f 

c^. 

1. 7KHIE1 aE|M20OI2 21711 

2173, 7HDIE1 *JE|MEBO|2S ggSf3 01 2 f 71IOBA) qioB2 ?HHIEf HEHHIEfe EIX11 ?HHIE12| LH^ t| 
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£0(1 LH3»E4 HO. ?HHa SEI^aiOISt mt ?mJ\£ ?HWEf EhEKHE^ iSTJEI. OIDI73 *!!E1, 
f«* 2R »4=, i?IISJ 5!!E1 BKscale factor ratio)2l- ITS PUMEh LH" EFEHHIEK interna I 
parai»eters)2L ?HHIEI- £12 tSKmtation matrix) S TfEl «! El (trans I at ion vector)^ 01^0)2 9m 
a 21^ S4=(extrinsic paraneters)OIQ. OI0H ?HHEf 21 g2J£ g^V 4 2!= 3i?fl 

(reference coordinate f rarae)Ofl CH*t ^HHIBF SS7I12I 2CH3°! XM §31 SIOftfQ. 

OISK £91 ^55(01 g SiS21 b^tt £AI(ffll £SSPI£ tiQ. 

E is H H™0|| [[h^ ?HJIIEHIEISaiOiaO|| Ah§EI = iSEIMaiOIS SBS2| MOID. 

B BT3MAI A*gtl = PHH1EI- ISEIMaiOldS II @= E KM EAIS bKI- §01 4=3. StfSI M HH 
§(array of circles)^ ^g£! BH@0l.DI, I9(m)x19(n) 7H£ 01^0)73 2JQ. OIIQI 4*8 BtPI S2J2J 
£J2| SgHh °J2 SJ2I S2DWS| 71E|(a)£ 1.5cm, ^ f 2J = £J2J S22f/2| 71E|(b)£ 2cbOID|. 
£J£| O.BcmOIQ. gg, fSEIMEBOId QgS| ?|o^5j ^3«2 °'2J£ 5go|0| A«SK)»E 

£2=g SfSOII OJEI- ^ElMaiOlif nflg«S^E1 §!(circle)l ^gSUl gim= H#SSA1, 2*IEI 

E 21 S-^ora. EIXIS PHUIES #SU SEI^MOId 180(201)? 38101 (gray- 1 eve I) S#£S 
SSlf §, SSEI 2fS(210)l TlxlTfl SD. SSIEI 2FS(210)s S§ WITil *l*> 73CH« gEIUOow- 
pass filtering: 211), QlSSf S£M ««SK7| 91 tt; (adaptive) **aiAIS9(thresholding)(212), 
£S a S2KHI SJoH S*5*r 4 2i= S(circle) IBS LHWIAfSJ S(hole)l Ofl?7| 91*!^ ^§ 
S ^(dilation & erosion)B?H(2l3)S ^gSCl. 

ESS ^20B EP-Eh ?HHIEh UEISaiOldAiej OI0I7J tHttl^4 2ffi?ll EAItr E30IH. £ 4£ 

B 1^3 (HI tr>Eh ?HHIEf ? JEI«a|0ldA|2J AfgA> S^2J gAIOfl S g2H EAISJ- ESOIEh 

S^2) ^£711= E 3Sh §01 4S g«aS2J tx, 4*3 g,t/2| +yS4fSS ^g^EK □ 

sm e 4oii Lfayj mi §01 oisa srae-AAn a^wi sm aEiHaoidoii A>g«? sn stmf 

= A>2.«J S^l AlggfXI SO. 0| 21 (HI A(iW aqOfl °JSH A|g?J gSUHW ?I*I*J- 

(r), a't/SI 7H^(c)l gpil E!D. ^, E 42J (a)= AJgXKHI 2|SH ^«!& 5^12^1 UBLH 

H. E 421 (b)= ?KMEf ?HE|MaiOldl 91*1 S^l UEWQ. 

EfS, 2S3EI1 iEIMaiOli? IBSOllAi 2^Z{2| 4§5h7l 9|5h01 S (220)0)1 Afe y=1 

2! 9|XI^E1 AI^Kfl +xStf°£ 2f 5A^J01 iliS I'^l SlLh7fl £13 i!!!l x 

3£^? Dg*]- Ml 3S^g« E1 ♦ywwfog -q-^ ^ m ati_[?\MJ\ 711^ 3*itlCK 

^ A|gO||Al°l a?a .5«2J2| S20fl oHSS^ WSSEI y5tt2fS Hg^ iS SSS^AI 
SJS^l 2EAh*Kfl SJSS 01 eiLM EIS iSiag «§ShE^ HQ. 

0|5« Sm2J ai LH^S a-Wfe ^(bounding box)2J LJ EAIEIOfl CHt^ SIS &EK 
Lfl^S SJ OH SBStfe T2I 2® ^73= S|^2f 0 2{2J ^£|HS S g£ (circle 

center)!)!! a,'M S5St? E^ §0| ^BS| $ %LO. 



e^^j sjLSfoicf. m\ oBgsfe o srg sg^ioi §o> oia?> 

OIOH AfSS ^ S^^J »s *]■ *HQfl 2F§0| EIS, Q§ AJ 

S sSMAI Al-Sfffe ffEIMaOl^ ggoj 5 ^ ^ ^EKsurf ace normal vector )2f ^KHEra 

A|^ g*NDI S«!^ 2?^ B(Slf ^^1- a^HS CI All ?KHIEe #S A|(HI S32| $3>S| »«Ei » 
t> f a M0> m. 012^ ^§2! R. V. Tsai°J S3 Ha Old &7«0fl ^301 AFAIol El 01 

PHHieh Aiii gtrai 2»s aaMabid s^hk ^atw a-fe 

(perspective effect )IUS0B 9523 S£2»2| ma ^S" ^A1^ x gx| 

S §12fS(230)^ OilSEIOil AiS^I SSS^Ofl CH7R 7lsr^ ^(gBoroetric constraint)! 3 

§mOI 3»SJ ^^^OilAIBj ^52^ g7F ^A|2^ bHffl 7H§ ^Ai^F gx|$h£E^ §fe SMS UErtfLK 
mSU »5S SSS ^S^l (U)g^EISJ TieiM CKr RAICHS SI (sort in 

9)o£r 2!^ Al^siQ. agAioj XHSI^ Q§2| ^AiS ^AISQK 

1). (1, 1) 5!*! 21 (x.„y.03Jffl2J 71EJ(oS)# Tfl^O- 
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2) . 5!^?iei(d,m ?i5£M %?m= ^ s§g a£&si uhhoiiaiei ^aii ur£c r . 

3) . tHiH0)IA1 *! L1I ?H2J IffiStg ^73? $ y2ig 7I5SS S15H2. y SfOI 7 r g- ^ 3££ 7I52J 

4) . *|2| 30HAI *«(« 2J23AI 7l52tSCh SttJI SfS go oi^S 7I52J1 [HSKJ/ ° 
AHSS bHffl°l 91*108 01 2^1 WS«ffl. 7I52J2I tflffl ?|x|0fl= (10000. lOOOOR BS 

5) . 91 4B2KHIA1 *1 VIM Sl*|2| 322t§ (x.„y , .,)HQ *Sg 01 Qfs ^A'3# OI§5f01 
S|g 71EI1 TldtHIh 



6). S{^7ia(d-,)1 71525 g7h5^ g*»£S SSfi UiBOtAISI 735 £Ai§ drSQ. 

?). tHiHsi xierzeoi (10000. ioooojss um7pw a ewi 3 lhxi ewi 6i emu. 

9\°i 2>si 71*1 ssgsi ss^s 3 ^gj s^ahhi 2»s ia?i2i asaei aszor ire ^ 

£ 5^ 7KHIEf ?!* 81301 tt±E SHhP £AI*> OUIEOIQ. 

£ 51 (a)2f gfs SjARI** *}£2| SS#£ 5>HWEf S"^2H^0fl 2JSH (8)21- ^01 

U (c)9i 1T0I 3?2«20l SD-. 

?KHI£h EEHHIErg ?HMa Si!=:Em 4^*1 4 2 521 HOI »U&<radi«0 152 .213 a 

as oi«*iswi»o. ai2^ g&ss^s eisii s^ss e s°i wot Ixitj- hhkstoi urn 

(barrel)SlF 5£ £521 (c)M SAItMJttt S^^(pincushion)S3l§ S°!Q. Oia*> 9m =21 
= ^Al#( radial) ?S2 283SS £§!£! 7fe*KH, 4 S! 52h ^01 SH-r5J 28^ ffl^S UE1 

a 4 ^» 2B^£| §!3&(original iaiaige)0il A1°J 2JS£i(circle center)2| iri^s 

(*,.*). S3 egg *2J S&fflAlSJ 3tf 5122*3 (*,,y u ), !?5 S3 k£H2 0! UH ^ 3 

2x1 zmz sai« s3o« 21*1 d§ s 521- irs 3301 swfcia' ^ir 



4=4J±! 4 SI 50fl ETISKfl k>02i £ 52) (b)2f SfS HHl(barrel)fi2IM UEH.H2, k<0 °i £ 
52J (c)2t aOI S^at PirtushionlfiSlg lUEKSHh. 

3*fS Si^KW 2*rS S(circle)S^2J LIEKH7I 91^ 715 SSTJl^ ArSW S^Ofl °|SH 

SS^ SS?LH2J 3^ gg^£| aSS(botton - leftmost circle center)01l *|*J§ r a 24= 21£2 g§ 
8H, 9HHSK 32711= SS52J $|X|5(-I! 2£Sg§tCf. 715 SriJUOl fflt* SIS 

S UEHH= 3 x3*SH R> ?HWcl S!0| (translation)! r > a§M SS(pinhole) ?mBM € 

g§Hl. 01 [ffl°l 3 x3 ?HHE1 *51s PS SAIolS 5»F0flBf S^2S^E1 ^S*)- S 5'^ (circle cente 
r)2| S|^ 5122^31 3»S 2*m aiBSEI 32^21 5h?ll& Di 4«i^631f SOI L|E^ 

4 2IEK 

















'A 


0 
















0 


A- *. 






r l 










0 


Q t 



av^i 60IAI x,,X,^ 2,^ 7|5 aSTttOD OJSI UEFtf £52 ^ISI SS71I0«A|°| SS^I 

2rS£0IDI. (ih,vo)r= 0IOW SIOIVQ. !?El UI(Scale factor ratio)^ 
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UERHH. DS 4*M 7 5! 82* STS ?KHIEr SIS 2!# ^> 2iCK 



4,^|Ai 7 Rj mM oioiT^I 3IE1S CU-^ EJ\m\ S*H, ^y u 0fl 5^ 2£5 '7F8StaO. Ol 
a ggOflAi Oia*J" SEISM sjgtfr?!^ *JO. 

a^ai 7 q. eon Aj 3^ 2!R SSI HBIorS [f§ 9 S 1021- BO| LrEr L J ^ SACK 



a^i 4^ 9i *v±mo£S uvu, t. s 22 § us * ^kda> si= ?H)iia eiehhieh 

*!fi XHSi(rearrange)5r3, 4^1 12h iTS fl« »S*IS 2>tl SQ. 



7! 5 



a^j $ft^ngs-a Aits feSa R- Y. Tsai2J ISEIMftlOld ttBOIAI ggS 2 r §s 71*1 R, t A , 

t/m izm sin, ss* sh^ 2^ k , tiei f,. i . s as **t±i 12-21 »s*i£^a w 
4^ aa. 



, +',yiJ /. ^^^^ 
L*/J 



£|°J aeiSaiQId 2}§DilAt ^XTSOflAI 2ME*Z!2| ^?il§ ?i!Ei H|(scale factor ratio)! 2| 

OltlCh ggsJHS, M ^ j S g^rOIS ?g»K)l, OBI- 1£ tfSSKH EftS 'X7|*KTS»E« £f 
Q. 0101X1 3Ei£ $J2| HaHMOIfl SISOilAI ^sl IDS SMI OIDI73 BifflSJ S3 XI 

±»H «!E1 U| (Scale factor ratio)2r 0101*1 £«EfOil CHtJ- 01 at!" »E| ^20il CHtJ- gfiS12! 5?10fl CH 
^HA1^ £jt! 7|§ 'W. Yu, H. Lee, and V. Chung, Performance Evaluation of Image-based Lens 
Distortion Correction Method, Proceedings of VSMM 2002, pp. 600-607, 2002 'CHI XMIo! 7ia£ICH 

0I£MWA1 S3?J g gS2| ^ElMaiOld EWIS SEtmS, Sl± 57H 0l^°J §J (circle) El@o S 

IdjMdlOl^ 5fl@# ?HHIEe SSorH, S6SS¥E1 SSS (circle center)^ *i 
^, ^>9I 11 Sf 12# OieSrOI ?K«2r EFEHHEFS ^Sr^ 20ID. ^ El MiH!0|£ ETTflOfl Ad 

?r(HIE|- ID-EHhl El- S 2H^ k, 7iEI( f « ^ f, THStr^^ 

2. SSZE 

?«x oj^ a§ irilEIg^ feg F. Devernay and 0, Faugeras, Straight Lines Have to be 
Straight, Machine Vision and Applications, vol. 13, 2001, pp. 14—24 'WW ^St!* BKHTOI A| 
Lfe 4^ 21D. ^, ?HHlEr 'JEl^eilOI^M 4^tl5H3l ^o|2 S!2 2H^ m^M AJ-gufe ^g, g 
^ Sld^S qiaa 3EIE SH@(grid pattern)Ofl fiSS" g^(geonetric invarianc 
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g EIS a 0l<y (self -call brat ion) SSQIP-. 

<= sn 2^ srneieoi zjeams ssoi aaj- ^hhsi- uhekhi Eh sag 7*r£ s^on 
5iaoi rfiKTaai 7s r ?i raso. ah hjrb &bsi 3? <= seat as esm sassm 

s e>S0flAi mii ^HHEr aEIMeilOldl 0|§^ S!2 2!R fSEI^SflOlds Sfil 7&HS 

BfflBISS LH3TO ^ UIU-OH? SWHHAI SrSSJOIErS 83* ^SQ. 

*ym f gflx 2H^2J A|g£5^E1 SAr S4K radial direct ion)££ 3391^ ^Atef 

2B^(radial distortion)2K 2g SI ^7flA|2J 32*23-301-3*1 SKMrfe S3 (decent ering) 

E£j (Decent ering) 2H^°J 3^011 = 2H^U S3 ^t> p 2H ^( tangent iai distort ion)M 2^ SEtt 

Ai »SO«AI OIDI S-Ar^ 2iR SHS OIS** ^1 3SSJSCr. 

gXfiS ^XHUhXI OlEf ^rCHIEh BEIMHOIfiM S?3S a}*h 7IS0I SAr2" 2IRS13 Q^H 

2l£OI, -»A^ Sl^y25E SSSI aa»-fiter3 5il^ ^ 2JS0I -araai sicKflti 

■R. V. Tsai, Versatile Camera Calibration Technique for High-Accuracy 3D Machine Vision Metrology 
Using Of f-the-Shelf TV Cameras and Lenses, IEEE Trans. Robotics and Automation, vol. 3, no. 4, pp. 
323-344, 1987* gH). 

HEiMaois smwki m a§ 3 set s. 01 son choh 4 a 5§ ^ssra 

13SJ BO. 



.0171 A|, r - >rV2r*>2 OIQ. !SEi«aiOI2 EPMAI 3S» Hr2f SOI »-1 5 -33-«h£« *JO. *i- 
E, »AJ# SS* SIREUS ?r§ofe S^CHI 2fi^ S2J Zl&mi 2B^ S§ *2J 5| a 

SrS^s ^^S(polar coordinate) ^EH^ UEKHSs Ul 2fE 2.^ S>il SCK ^, 



oi^j g?\ \3B am 4***\\s2i at?! h^.aj sai^- ^ sick 



2B^ S§ «2J Ejl! gjE-ZHMAISI 2H^B gg^ogHg qi^ ot tES OIDIS «S 

( V arping)lFgO| BfiSW Eld, 01 [ID ^ SZMWS( inverse spatial napping® SJS*r= SOI SEISh 
D. <S« 'Separable Image Warping Methods and Systems Using Spatial Lookup Tables MM 
UrSf aOl =c S3 HH (forward spatial mapping)^ g°08 aS4 K (original. iBage)2K S2h 2^23 71 

unw sr^oi 2]$h oidixi $isoi oi^chs *^ aa- ssswai xhots) s 

g(overlapping)OI E^SS 2HI Sl= B^S, 2}S2V BS(ihverse spatial oapping)2J 

^ S3 (forward spatial mapping)Qfl A1^J 12f S«SSJ?H SS^ej ^SS^ ^ 

:4M*( inverse spatial function)7h &EAI ^XB^BO^ *1D~ e§e 7W2 SfCh 

2 9 (Forward spatial mapping)*! 3^ 0|£1^ BS€ ^^§r7l ?|«|AI DH° 72 » 

^ MS ^HEIgOl ££JEIH SiOi S ^01 fiAIZK S^g.fi7tr3A| 4:SlrM 5fe 3 

(original imaged ^tf^l g^hTfl ^St,^^ ^Al^ ^*JM $m 72 ^TfiDil 018 

till SD. 

DAI 2H^ MS SHE|g£S MOh^rAI, r u Oil r d ^ 4^1 I32J ti^Ei 7S 4 SiD. §K 

S4MHAI2I Sia (Xu.Vu)^ 2i£HS ^Xfl k«0il CH^ r d M ^ 2iH, ^71 4 a 

5011 aj^H SffiZr (x^yje 7u r ?fl siq, 

tIS, (x^Vfa )^ ^"^^ OliUrB (discrete) StJEZHH CHgEIAI Sr^ ^^(f loaring-point 

n«ber)0|°g, SZ^Oil 24§fl (h.,m.)N CHgo^ S 7h^2£s *KIK dfOIEIUOf 

e^KBilirear interpolation) ^ S^(cubic convolution interpolation)^ 

3 §01 7rat5rQ. 

^1 132! tm 7©PI ?I?BA1^ 3^ Cr^(Polynomial) oH# ^> 2A£ 

(Cardan) »§fJ- ^ (Cardan) 0I§*> 3^r □^(polynomial) «»-§^2J ^Bfi 7oh 

^ IrS^ feS 'R. W. D: Nickalls, A New Approach to Solving the Cubic: Cardan's Solution 
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Revealed, Mathematical 6azette, vol. 77, 1993. pp. 354-359' M »AH«I LKr S£DI OP IAI= □ sHr 
^(Cardan) ^47H2J #51) 52JM(f loat ing-polnt)9<yH^H(solut ion)M ?SPI ?|oH ESH 

= £2- e^i z.^ shTaoij ca^ ^ 7w s^oii cHti- j$£&q. oioixi 3921 oiei*> 22 
^;Hej °<£»oi ^g°g oioixisj H7i7|. sw*« mm as© was 

s ^gonAi^ oiem esg ^spi smra kr~ d «i2j oi eaj^s to. 

4^ 135 krV<12J 52j# SJSmOJ Cr§ ^t^16UF SOI EM&V 4 SO. 



a^, ^ai i6og« Ei r d ^ 17^ :?Sf 4* SO. 



2*r 



SHF 3#2J 2| Sj^Oil Off! 0iete> 2rSg B^tJ2£*l ^2 k 7I^£^ 2KB S!2#(original 
iraage)CHIAj2J 0i^£|~ lift 3MBEZ» SQ. Oia*!\ 2f§£ SSI" LH2J 22J2] &£2i0il CH*> 

Oj -S-SBW: 5j§0l 7te*hHS; S2|2| 9*I£S : LMpW BIB ASMS 4!3 §?r 

All 4 SID. 

S BfSMAI' MMi* 5Ar3§ SJStt QIDIXI *ia »*I2J 3«£N QtfiAl^ fe£ tf. Yu, H. Lee, 
and V. Chung, Performance Evaluation of Image-based Lens Distort ion Correct ion Method, Proceedings 
of VSMM 2002, pp. 600-607, 2002 011 £S3°J 2^ IBM UEHH21S0I, £«|S|°£ 

Cardan^ ir U|S«f IB «s ^SWAI 3 WI7I- »MM M0|H SQ. 

3. aei^aioia meg Qisttxi sfe a* as »b 

«wai gstj ai* sir as iffB= ^£iaaio«>5 imm qissioi ?HWEr iekhhie« Mimioi 
m m. #s esoiu oiei aasaoid ueoi suieixi §2j s^on bz sir m§ 

g £AlftPI SISflA|= «2| 2IR MS 8S2J SJS 9*|g HWlOt-ttQ. 015^ kr%«13 52g 

rxcsj Bj\m ?m= a^s ssrai sicra 7tg*ro. 01 n f stf^i ssmai &A\g ?\E\2\ mu\x\= 



Ol^lAI, 0ID. [. ..],«. = -cDStfog.aggj rounding)^ 3 

r'xc'^J S^OilAi ^?oBAI^ 2H^ 94^ k^ kSh Q§ 19^J S 

^71 4^,^ 192J ErSSOfl CHtHAI^ flSI fcS 'Image-based Lens Distortion Correction Method for 
Low Cost Digital Camera, submitted for review to PATTEfN RECOGNITION 'OS XMISI flSHCH 2iD. 
191 0ISt,^5A»j S^J^i S^Oil CHoH BAIMOId (declroat ion)# ^tl^E 

3j£E! S^g a^Hl, 4^1 S^IOiJ DISSrS br S-D^ (up-down) 

oisskm 9m ^^oi aoii' ttHura ^ 4 aa. 5§oi * 6^1 

191 0ISSK31 SS^OflAISJ 4!^ ?!!^ 2H^ e4=M ^71 4^ 17S E^2J $1 

si sn asa 4 ^ck 

^ SJS^SAN S2S2J 3712^ ^BSjSS tfAOSS Sf^Sr^Af 33 2H 
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SSU 4 2D. ©EM, ArgX} ^ JHBWfe EH^e ijgg 2U*K)I XrS HH2, 2!S MS # 
7I£££ fi§# £A|5K« g?\ 19 a Olgor^ §*|0f| £ 2D. 

oi »g£ nEi^aioid sues oi§oF= s^2f QrSPrXis ^Aiafoi s# stiisi lh^ 

Hisiirg oiiaaioii 7iw*g«, oi «°i sa* sa^ as e.k*kmaj ^ ^ 2Q. 

4. sAr2£- ygeai 

perspective BSKtransfdriiJM 2JW OSjU B0| X«£!Cr. 



0I7IAI, perspective a*h tH.(matrix)0|Dl, LH^ a>« UERH01 SID. OIXO ^ 

CHI SIS R# HBISrS #71 18S □§ 4*1*! 2111- 901 UHSO. 

□BIB 4^*4 20 9 2IS^Ei 



01 IIH SS til ^WilEI- 9XH7 r tIStf gZWOI QS2r 901 XttSCh 



-tin*, 
0 



0 



I, op 



0 

tin 4 



0 -Mild 

1 0 
0 coa9 f 0 



0 

co*0 m 



0 

tintf„ 



-tin A, cos*., 



a^j ^kaj 232J Z|£2tg ^HHEf- HEJ«aOI>3§ ^oij 27fl E|£ ?HNEf 5lSlf2r 9£U 33 BUS 
SJtHM 7EPI2 -2D. «*, 715 SrXTfl^ S920I fl»*Gl. 2CKQ iMZtttD. tffl SH+ SrSWIAl Q 
^1 El£ 2^ OIDIXI Sia 9XM0ISS **T*| §ArS#8 &50I g 47* KQ. 0J3LS 4 

*w 22onAi xDii pflP'^.anxiaAi x r °i ab an rbi ow7i dsoid. 

^, 221 #08 iaXIUCH^(howgereous) £fX3l£ X?*S 2tS QAJ OIDIXI 9XJII5 X*tf|Ot : 

ffD. OI2t£ £ 6011 A| -A'S aft ine g&t §199 4 2iQ. 

±HXIUO)^(Hoaegeneous) 9X71 MM OIOIXI 9X71S IS^I SISIIM^ J= 9X7«32| £*||S 
(scale)g ISoiOt Sfea. S^^SS S '6WIAm SOI OIDIXI H?m Dl'SSfe sSXIUOfci 
(homegenecus) 9X»s OlgSfO) ff&tlSS ^V^'SIO. 



0I^S|'9jZHI SEISB, 

8A«£Kort ho- image)! WHAIS SAhS^oj sj^| SXS^S^Ei OI^IW ^ISur^ Perspective 
OIDIXI (S«Zi 9-at ?tua Stf)SI .9X2M«2|" HclOI(9ray)(^s ^Ei)«# 8101^^ 2? 

DHS( inverse spatial mapping)0| S3oES 0|£H°l 261 S3 OHS ST^S AHgoS^ St 

fe f WS SArS^M ^3 IFS&IIAJ^ 26011 X^S! "A" g S»0ilA| CHS XIS0UA1°J 

Li g# A^^tUOil H1EF £!§ S^2J SS^rM SJCr. ^, £ 6°J Sg^Ofl UEHij §Af S 

u SAJEIOfl CH^I^ a2> b2. c2, d2 ^&ol SStr^S^ ^»8S SSW ^> 22. 01 St# 

^OieufOl 9M Er 01 01 XI (perspective OID|X|)0flA1 01 S 21°jXll l§m7f 

01IM MOL £-60flA| aK bl, ch dl§ ^ E ^fc S^Ofl^ perspective 0I0IX|2| LUg SfllOil CH^fl 2fl^ 
fiSOl ?i&m St -«S( inverse spatial warping)I)-gOflA1 CH^I^ S^OI ^0| 

SQ. OflAIS UEFtf £ 72J (b)2f 7B| (c)^ E (a)S| ?!!^ 2H^ SSS S^SVEI a2, b2, 
c2, d2M ^Stl 3^£SM| Ah§XK)fl?il MSX|£ §AFS^2J S^OI 1TES1 S2J 301 Q. 
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£*jaj 26CHIA1 ST 4: °i§0| §ArS& £22 # ?lo« gfi*J SS^ ?H)flEr BEi^aOia^ n^H 
a TfEISF ?HH3 t!22| SSOIQr. Ol SIH OIDIAI 4¥E10fl m* SSS SfioW& 0101 set* 



£ B§ B WSN [[>Ef S£# ««r£ £Z«I ?HMEf SIHZf SSI ?toi g«Sr= 

2] HHxl MOID. PSD(Position Sensitive Detector)! S°4°J 7iEI*«AlOI3 ? r ^o- r 

XISI" A»*W SJWKI 3S« ^hAI &2 ge}°4 d r gfW HHKHSI V* 0I8BD. 

£ 8CHI AJ ql, 02, q3S UEKfi PSD SAfe ££71 (transmitter)^ 4£! 71 (receiver) Ol^Oj 
73 °i£OI, All PHSJ >«AJ7r non-col i near ity22# EL^Sffl *SA) UHXKN EO^ 2f fl!Ai°J $|«§ g* £ 
21D3 CHS SIaKW SiCHE 4^01 KD. 7IEISAIS 0lg*l S3, □ gSftCTI^ S3 $IM »£■ 

oiojoj m2 y Pimaaai gra^ei km *roi& ass u& ^ra^s^a ^ sa. ^, 

1. g^s i^KH] ?HHIEr SS<H SIMSrffl S3°J B*f *IE1= ?KHIEr2| AlflBW(LOS) ^, 

2. S^J2J ? r OflD AWI 373, ?HME r 21-2711 H CHit SS( rotation about camera coordinate frame)^ 
Oil ?HHIEr ^57||2J z-StfSS2J 01 § (trans! at ion along z-axis away from camera coordinate frame)^ 
S OI^CHSD. 

ro^oj bfgAjo ^HHIEr SXMMAI DS **!*l27anrOI 2«V 4 SID. 

pC^) =a ^Q+«CP|-P 0 ) +w 'CPx-J > i>. -00<«<CQ.-00<>r<OQ 

^*jai 270flA1 Pb, P„ *!E1£A| non-col i near it y£2g E^SrS 3^, S3 «2I S°J2J 
S *SSolQ|E u, w# at*At5*l S3 H32| 73SS WitPt SD. 

HB, S30I ?HHEr 5r£71IOil CHoH aSWO EIBS x^Dfl ffltt flS(e.), y^OH EH&Sa(e t )S' Chi 
*4M28».aOI OEM* ^ S!D. 



1 0 0 
0 sinl, co*0. 



o 



0 find, 

1 0 

0 oo*4 



B«£3 S3QI hSS SIS =§g o"r= 2^ l*&(translatiaff)«tEIS vh-[(£0;h]. T S UEHHH. 3 
xfl fiaSS R=RoRt^ UDLH3 ££71 27S QrS 4^1^ 29ir 301 SSSa. 



7iE|*«Ai2J fl!A1 B(beam)# 2AtS S3SS ^ArorDErS SOI S3S 3Lr= A|§s 

TiEi^Aiej y axam. ss§ r a. ckfai, *is.«a«Ai2j tieisaisj 29otai p - 

s ^Ba2r ^ 9-a zrs «§■ ^sj^ s.Aig ?hwd &B7mH*\'9m ass .A-aeKH u. » 

g ^m/OI2£S^E1 §H& SIA12J gq-2t ^, z>, H,2,3 S 4 SiD. SH S SS°J ^AIWAI 
£ z,a# A/OS 2© *HAj SSjO£S^E{ 5JS ^ * a^Hg u, v§ SiD. 
fllA|2J mm x„y, i-I,2,3 BtH IT UH> tfAj: «q z w i-1,2,3 M Ol^mOl ^*HAI^ All 7H°4 WEiM 
Zi^i r 0J r u fJ&Jl or3 S32J «^ n§ D§2r SD. 



2?\ 30CHIAJ ^o«a S3°4 ^tf ^1EI n2J z«g 2C0I OSD 2^011^ -nS ^lorW S3 ^ 

E1SJ g^OI °JgSr£^ £g5rSE^ tlD- Olfl S3°J Sft? ^EIM n=[a,a,n=] T DH a" OB, S3 




S32J SI22fS TO^ia^HS §AfS^# *52Srz: 31^ a^, ^a. 26# 0ISSrH> ^1 31 
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E 9& B S3S SISS!" U^ll 2HHEI- A|±B2J 01 S LIBrS CI Al l ?HMEt AI±H(910) 

s oi 01 XI 2!?J(911), £«Zi2fl^ MgSl(912), gArS£- ^£2^(913), fiig°!*! 25(914), g£JEM 
(915)g OI^OiAl 3HHB H2IMaOld(901)S BM DjEI ^83 9HNEI- DBMEIfl HSSrlL 2tQ^ P 
±ieflOI(903)g Sir A*eW902)2J £5HN CttEf z*S*ril, g£Aim(904)2f mHV * 2JE^ E|CH 21 
Ch 

E 91 g£Sh3, ?HMSF aSIMfieOld (Camera calibration: 901)1 m 0|E| ?H»Ef ErEKHIEfe 

□XII ?HHEK910)2| LH^OII 733301 2!£DL ArSW902)0l 2|« Si^S 3£K911)S M £g 
31 (Lens distortion correction module: 912)1 71x13 A1 2H30I £g£! gA r 2# 

2t(0thoimage generation module: 913)S Si^Pfl SP. 

gAr2# £5£ 2S(913)0ilA| XH^gS EH@ 2!*l 2M(Pattern recognition module: 91 4)011 A1 S 

a ^ UH@ 21 A' 2hg# SKCommunication module: 915)1 #08 gSM 

tmu «sa sues oiesfe asjsi §g aibi^m wsars ^ sp. 

AibHC information server)(904)^ ^H^S fi*|S <*E 2iE12!l MM S^EICH SI 

^ S°1°J §S Aidl^l 54m ^> 2!P. SAI3£r «g°J ^ E^M Ete«ttPI SloHAI E 90ilAi g 
£to^ £ A j§> SOL PSOflAifi Olgy ?HHIEr gS# tfAIZKS XAIohE^ *uj| ArSArS 
*KM3 SAtSgOl 7H>rS AMI Oil Af S£# S4S *IV 4E 2iP. 

0I2WAI £S£> fiOl, £ PAI1 3?rDilEr2r SOI 327115 UStl 2# 3UI0IAI 312 214 

Oil B15H STtfSfe 2# Ma^J AmU ±=MS0D|S!H£ ££fi[Jl t 01 OflSJ !2 r 36HW 01 oil gArS^l 
^g5r= 2H£A1 £fll AlgAIOII ^g*J- Efl±e lUEjOlU ^hM^I- SEIHBIlQId SHIM oCT Sr^ 

P. 015- 5 1^21 ArSSfe H 2iOi ?rOUEr I^DilPe DIE) TIJtfSrOI SI 3* HI 9D\ OH SOI 

CM, £1X1 ABAI.OflS TiEliOAtS OIS^ 5HHIE|2| XFAil S.£2f8 ff.OlfK 

9!2 2H^ 5&S2I 39 'tf Aj^ EeftKN DSPM Olg^ SI flEI S LHSTS 

sms ^i-aih °^di ux\m m\zm &m\o\ s# shioii lhss 

^M94iOi «EH5 ^01 JyE>t>m SQ. gAFS^l £3*1 t^S #S 7rsSr°S § 
d §W infrastructure)! 01^5^01 ga AIHI^S BTg&B StCH ?IEI(query)4$g SI gS ^rSOfl 

□Eli a ^Alt^Oil 2^CH MgAf^ gSZMHj gSU 2J¥ SflDil 3£Sr*l S^SAI g^EM 01 

gol-Ot Ah§£5 2H^ Sgl SIAIS ^ 2i£HS fiff ?HHIEKHIA| SISEI^ SXI g& O r LI 

Er SSEJ ?rMEe «SS-SS««E. ^gOI ^rso|£r. 

E*^ S?«2Lr ^h^ ig ?H^1 g©m= 390i! Zf S!2 ««(HI CHtf 21^ SEJHEflOld 
1 loH ^ 4 2iH, 01 W Itm ei^a^ HI«Sg MEEm BIOIM(LooIc-Up -Table)0fl 

AlS^r^ CH« 5rWtDI S2|2I ^ ^|X|01IA1 2H^ OIDI »2JS 212J S3 

(interpolation)! oH^ ^rfeSKIF. 

0|Ei^ fi!AI3 gArg^ 2!*l &EL Ahg gj^, g^ S^? §^J 1§ OKJEr ™* 21 

bi«MAi ^g*> 5^ e nasi ptjb ?>wasj g«5 2h:^ mssksai-s^ «g«er s dim oig*]- 

□All ?HHEFg ^S*»: eHi^J ^Al OOM 5£S^, £ 4"AI MDi! t*g£l*| 

0|5r°J s§) g^oj gojoiAl g^h^ a »»^oj ^CH^TOI SOI gfl " WSOI ^Sfe ^OffllAI # 

^ AlAjg ArEr3 ^gAI DSH" S2 ^Al^r ?rS*t ^?|DrA| a 4*321 7ldg Af^OI OISQ 
H ^ 20IQ. 

(5?) &?2J t£4t 

ArgAF°J ^^Oi) CCI-Er 0I0IAI1 IS«§ r ^ 0|D|A|i?Ai; 

e«s nan* ?HHEf ^Ei^aoi^i m aei n§a ktEhhieim oigoioi ^a^ a^sii^g ag 
Bii^^ Mg4«2i a^ffOr SAfs^s ^§^ofe gAfs^ aa^; 

4^1 gAFS# MS B6tW0KSaS'-#S«E7IU lies 2!^ISfe pe2!^& 51 

1 5fWI= 2H^ Mg2f gArS« SSS GAJ1 ^HHIEK 

A 1t> h 0ll SiDlAi, PAI1 ?HHIEr^ ?HME|S| ArAfl gSM tf AIZTSS SJ^SPI fltt n«iaS^9S 
Q ^1 ^g^S 2H^ Sg2h gAr3# 45gl 0IS*i" QAll ?HHIEK 

» ItHM ^OJAJ, ^1 PAIS ?H)flEr~ ?H»a lEIMEiOl^ g2f SOIS ufEHHEIM UMV* BflSEIQfl 
LHSSrH ^ or^ 2H^ SgSF gA r S^ 45gs 0|g^ DAI IT 9\W&. 
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?m& manEk ?ma fseisaioid 97«; 

#71 7 HUE} yei^EtfOId 9*I0I|A1 ^oHS 21* 2H^ S!4^ 01D1AI *«E1, ±W3 S|E1(scale factor) 
#7| ey* 21^ S#S 8#W CHSH 491 ?KHI& f9EIME«0ld EPHHAI ^82 £S 7\R\9} i*2 SgOil 

Ai Tti^a 7HMSI- siszf sae oiesioi 7HWEfsu s^^°j #ch3£i am *kdii egmcn gA*s#M 

«#Sfe 97t;M £t»>= 7HH&2J SSZS 2R MSIU SAF3# «#gHS. 

XI 4WM SQIAI, #71 9m& BEISiaiOld 9711= 

□All ?HHIErS trSS! ? JEI^EflOld II@S 3aO| MBI (gray- level) s#^s as** ^ sasiai— 
saiEiats; 

a»aa oisth s#o«ai AFexh aqwi ^» tgEi«aiDiaoy afss- x&zye a^ s^g ai 
ggr *iS£i= aej s#ou my sia saszrs a ^sias; a 

#71 9B&2I 2S»20i ORI 7|*W3| £2M ^gSrOI 3**S SZteHNAISI 2Sffi«SJ £71- £M2t Biitl 
73§ £A|7f BfXtttE* §^ £j g§ Hfgog OjsQig ^ m ggo^ PAIi 2* 2IR 

SgHF SAh3# 

HI 5trtW SiGH Ai , #7| 3*|E|Sb= 2f§£, 

wtts sitf ww^ bhs97Kl oia'» 3## ^«s r 7i ^aiAi^a 971a, 

53 3! SS -ft3HM-.S|fl * 2= S(circle) IH@ LHDilAi^J S(hole)S Dfl?7l flf* S! ^ 

^(dilation & erosion)97U£ 21 PAII 7KHIEPJ 2J|^ Sg2h §A*8# 

^5#^. 

g^**7 

a-54HH S^CHAi, #71 S §i2>§£, 

1) (1, 1) SIS 2ffi£¥E1 2*SS# (*i,>i»)JKIS| Htf 7iEI(dOP 7I4HN& 971; 

2) ^SITiEKdOS 7I5£^ §7|ofe g^og ^ SS# a5«2J BiSiOjlAi^ *|# £AiW HH?= 9711; 

3) UmOIAI: 3 L1I 7H°I 5H^i 7fAjg ~ y2tS 7I523 SloHI, y 2>0| 7^ ^ Tiog 7 | 5a 
# SS^.97J; 

4) #71*9711 3WAI BS.ttOTSlSSAI SOT 7I5^MD 2«3I ^ 2.^, 0I2^S 7ie2»' OHItr ^ 

ahs^ yiiay ^^sa ^aiw oi wses, 7iszei say bun zmm^ € ai 

5) #71 49711011 AI TO* S»H ««2| SS# SffiZm (x' rt ,y" #1 )EfJl Ufl ^§ ^!Qi| ffSAISg 
fl« 7iE|(d-0e 711^^ 978; 

6) #7W^|7iS|(d\)g 7I5SS §7FSr~ St> F £5 SS# Sffia^J tfHtlOflAI^ ^IS £A|g 9 
7«; 2 

7) tHiaej AI^SOI ^§2] 3 Uffl^m^i ^Tfl 3 LHAI E^l 6g 97flg =?U\ 

2!# ^sh^ *ts qai§ 7nw^ ai3 sa^ Mgni- §Afs# ^#sa. 

X-il 4*HHI afflAI, #71 9!^ 2H^# M#5fe 9711=, 

mtmei &±m :o«i°j eai^i saem qhss 1^1 age ^iais^ 2# 

S m= PAIS 7HMBPJ g!Z 2fl^ MgHI- SAIS# «#»a . 



^TO9 

XII 4*KW 2J0UI, #71 95 2H^M S#u^ 978=, 

MZJOil 2JoH SiaSiM ^S^S o>= PAIS 7HHEI2I 2H^ gAtS# 

10 
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m mm 2101 al g?\ safs£ aseai^, 

4P\ PSD(Position Sensitive Oetector)f*£J ^EISAIl OlgSIOt 22 SHI2I XM g£# ^AIZ^S 
Si^oHl, ^oBS 22 &d|2J XM gSl Olg^lOj gAF221 422oh~ 311 ^3££ Sfe PXI1 9\ 
MEfSJ 3!* 2H^ £g]U gAt22 432g>^. 

11 

m worscm 2?i gAf22 £§ge?fl= sisass oras*^ Soe sexiuoi^ as^is 

^ ^ijs omixi ^m zmn^. dai assKW gAts2M ass^ nxig 

8W12 

XII 4t>KHI 2WAI, 271 2!* 2fl^ SgDil °»CH S£S| SE|«aiOI2 MSSiOl AfgXh «S 3HSOT^ ^3 
IHf acs bHSSJ gSB 22(HAiej 2fl3 JH&BUL OIM Of^H^I 

oissioi sls2££ sjgsfe ?tm m^s.^ ti^ axm ?HHiera si* sji^ sga sxras 



m column* 
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m oiow 
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212- 

213- 



— 201 



3£ S! 5'- 



210 



rg 220 

n 



SSI — 230 
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£&4 



(a) gQJpbgion OE Interest) aetecaon. by a user 



• • * • 



(b) Extracted region used for camera calibration 
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£&5 



(a) Original image 




(b) Distorted ^ggf * > °) 



£08 
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£&6 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



